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(57) ABSTRACT 

A semiconductor includes a gate electrode having a SiGe 
?lm on a a gate dielectric ?lm that is on a silicon substrate. 
The gate dielectric ?lm includes an underlying interfacial 
layer on the substrate, and a high-k dielectric ?lm having 
higher dielectric constant than the underlying interfacial 
layer. The gate electrode includes a seed Si ?lm on the 
high-k dielectric ?lm and a SiGe ?lm formed on the seed Si 
?lm. The seed Si ?lm has a thickness of 0.1 nm or more and 
smaller than 5 nm. 
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E 
‘c; 2. 0 
“w’ 1-9 ' I Poly-Si 

E 1.8 l """"""""" "7'—+e|ectmde 
f‘mL 0 
.g 1. 6 - . 

g 1. 5 ' I I I I 

u—_, 0 1 2 3 4 5 6 

Thickness of seed Si layer (nm) 

Fig.3B 

.2 . 

‘a? ............................... __ Poly-Si 
. L i 2' 0 electrode 
cl 

55916 
CD > 

g; 1_ 2‘_\. * _. 
av 

(1,8 l | l l | 

O _t N 00 .p. U1 ca 

Thickness of seed Si layer (nm) 



Patent Application Publication Mar. 3, 2005 Sheet 4 0f 10 US 2005/0045938 A1 

Fig. 4A 

Fig. 4B‘ 

cap Si layer 

SiGe layer 
HtSiOx layer 

cap Si layer 

‘ x > _ ‘ SiGe layer 

>1, ' . _' __ r _' . v _- A1203 layer 



Patent Application Publication Mar. 3, 2005 Sheet 5 0f 10 US 2005/0045938 A1 



Patent Application Publication Mar. 3, 2005 Sheet 6 0f 10 US 2005/0045938 A1 

. 6b 6 

Fig. 6A 6a} 
“*4 

. ‘W2 

Fig.l6B 8V ‘1?? 
//7[/j////Z/////////////////// //////// £7/1/11/1i / 6 

Fig. 6C 8 10 6b 
' .. .. a446§l 

‘ 12a 

. / 10 

111g. 6D , 6b}6 
"11151121131: I'I'I I‘I‘I b4 

14 18 
~__./—~ 2 



Patent Application Publication Mar. 3, 2005 Sheet 7 0f 10 US 2005/0045938 A1 

Fig. 7 

NMOS region PMOS region 
L 

34 34 

28b . 28a}28 
27 34 26 27 26 

25b 

29 32 33 3O 30 33 

34 

23, 32 29 ' 

‘22 

~24 
"A21 



Patent Application Publication Mar. 3, 2005 Sheet 8 0f 10 

Fig. ‘8A 

23’ 

Fig. 8B 

NMOS region Pmos region 

52325 
///// //// /// //////////////////// /// ////////// / ///////////////// 
\\\\\\\\\L“\\\“\\\\\\\\““\\\\\\\\\\ \\\\\\\\\\\ 

US 2005/0045938 A1 

////////////////////////////////////////W///////////////////§// 

///// / ////////// / / //////////// ////7// ///// ////// ////[// / / / ‘25a 

v‘21 

Fig. 8C // i351? 7//§%§:62§7 
25 " 22 

23; 29 29 3o 30 ’ _24 
V‘21 



Patent Application Publication Mar. 3, 2005 Sheet 9 of 10 US 2005/0045938 A1 

Fig. ‘9A 
NMOS region PMOS region 

L 

__ \\\\ “H 

7/16 



Patent Application Publication Mar. 3, 2005 Sheet 10 0f 10 US 2005/0045938 A1 

cap~ Si layer 

SiGe layer 

HfAlOx layer 

cap Si layer 

SiGe layer 

HfSiOx layer 

cap Si layer 
vSiGe layer 

A1203 layer 



US 2005/0045938 A1 

SEMICONDUCTOR DEVICE WITH 
SILICON-GERMANIUM GATE ELECTRODE AND 
METHOD FOR MANUFACTURING THEREOF 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a semiconductor 
device and to a method for manufacturing thereof. More 
speci?cally the present invention relates to a gate electrode 
including a thin SiGe ?lm and to a method for manufactur 
ing thereof. 

[0003] 2. Description of the Background Art 

[0004] In recent years, MOSFET (metal oXide semicon 
ductor ?eld effect transistor) as a semiconductor device has 
been extremely miniaturiZed and highly integrated. Concur 
rent to this trend, the thickness of a gate dielectric ?lm has 
been reduced from the point of vieW of securing the driving 
current and saving poWer consumption. For meet the 
demands of scaling loWs, the thickness of a silicon oXide 
?lm (SiO2 ?lm) Which has been used as a gate dielectric 
?lm, need to be 2 nm or less. 

[0005] HoWever, in case of that the thin SiO2 ?lm is used 
as the gate dielectric ?lm, gate current leakage oWing to 
tunnel current leakage cannot be ignore as compared With 
source-drain current, thereby arising problems in the highly 
integration and poWer saving of MOSFETs. 

[0006] In order to cope With such problems, there has been 
proposed to use high-dielectric-constant ?lm (also called 
“high-k ?lm”) With higher dielectric constant than that of 
SiO2 ?lm as the gate dielectric ?lm. As materials of the 
high-k ?lm, for eXample, a metal oXide such as HfO2, ZrO2 
and A1203; a metal silicate such as HfSiOX and ZrSiOX; a 
metal aluminate such as HfAlOX and ZrAlOX; and an oXide 
of Lanthanide such as La2O3 and YZO3 can be used. The 
high-k ?lm containing hafnium such as hafnium oXide ?lm 
(HfO2 ?lm), hafnium aluminate ?lm (HfAlOX ?lm) and 
hafnium silicate ?lm (HfSiOX ?lm), and aluminium oXide 
?lm (A1203 ?lm), and there nitride ?lm especially have good 
thermal stability, so it is easy to apply these ?lms to LSI 
manufacturing processes. 

[0007] These high-k ?lms have dielectric constant of 6 or 
more, and have higher dielectric constant than that of SiO2 
?lm. Physical thickness of the gate dielectric ?lm can be 
thicker With thin electrical thickness (EOT: equivalent oXide 
thickness) of gate dielectric ?lm maintained. Therefore, the 
gate current leakage oWing to tunnel current leakage can be 
reduced. 

[0008] Also, in order to thin the EOT of gate dielectric 
?lms, there has been proposed to reduce the value of 
parasitic capacitance resulted from the depletion generated 
in a gate electrode. For eXample, there is one Way that silicon 
germanium (hereafter referred to “SiGe”) is used for the gate 
electrode. The use of a SiGe ?lm in the gate electrode of an 
MOSFET can improve the activation rate of conductive 
impurities (e.g., boron) in the gate electrode, inhibit the 
depletion of the gate electrode, thus reducing the parastic 
capacitance. This alloWs the use of agate dielectric ?lm With 
a decreased thickness, correspondingly reducing the para 
sitic capacitance. 

[0009] Also, in order to loWer the resistance of a gate 
electrode With SiGe ?lm, there is a case that a silicide ?lm 
is formed on the gate electrode using saliside process. 
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HoWever, in this case, there is a problem of the occurrence 
of silicide cohesion and defective resistance caused by Ge in 
the SiGe ?lm. In order to solve this problem, there has been 
proposed to form a thick cap Si ?lm on the SiGe ?lm, and 
to adjust the Ge concentration in the surface of the cap Si 
?lm to 2% of less (e.g., refer to Japanese Patent Laid-Open 
No. 2002-261274 (Page 5, FIG. 

[0010] Also, there are problems that a surface of a SiGe 
?lm is roughened during formation of the SiGe ?lm and it 
is dif?cult of patterning agate electrode using dry etching. In 
order to reduce surface roughness of the SiGe ?lm, there has 
been proposed to form an amorphous Si ?lm as a seed Si ?lm 
on SiO2 ?lm serving as a gate dielectric ?lm and to form 
SiGe ?lm on the seed Si ?lm (refer to the Japanese Patent 
Laid-Open No. 2002-261274). 
[0011] Also, there has been proposed that polycrystalline 
SiGe ?lm is formed after formation of Si ?nes on SiO2 ?lm, 
and thereby the equation of Ge content in the SiGe ?lm at 
boundary betWeen the SiO2 and SiGe ?lm, and thereby 
reducing lattice strain in grains of the SiGe ?lm and stress 
of the SiGe ?lm, and reliability of the gate electrode can be 
improved (e.g., refer to the Japanese Patent Laid-Open No. 
2003-31806) . 

[0012] HoWever, according to investigation by the present 
inventors, When a cap Si ?lm is formed on the SiGe ?lm, 
there are problems such that the surface roughness of the 
SiGe ?lm increases; a discontinuous SiGe ?lm is formed; 
and voids are formed in SiGe ?lm due to grain groWth. 

[0013] Furthermore, according to investigation by the 
present inventors, in the case of using the high-k ?lm as the 
gate dielectric ?lm, the Way of arising defectives of the SiGe 
?lm is different from the case of using silicon oXide ?lm 
(SiO2 ?lm) or silicon oXynitride ?lm (SiON ?lm) . The 
eXamples of the defectives of the SiGe ?lm shoW as folloWs. 

[0014] FIGS. 10A and 10B are SEM photographs shoW 
ing a form of the SiGe ?lm When the laminated ?lms having 
the SiGe ?lm and the cap Si ?lm on the high-k ?lm. 
Speci?cally, FIG. 10A is a SEM photograph shoWing the 
cross section of the SiGe ?lm When the hafnium aluminate 
?lm (HfAlOX ?lm) having a Hf content of 23% is used as the 
high-k ?lm. FIG. 10B is a SEM photograph shoWing the 
cross section of the SiGe ?lm When the hafnium silicate ?lm 
(HfSiOX ?lm) having a Hf content of 60% is used as the 
high-k ?lm. FIG. 11 is a SEM photograph shoWing a form 
of the SiGe ?lm When the laminated ?lms having the SiGe 
?lm and the cap Si ?lm on the aluminum oXide ?lm (A1203 
?lm) serving as the high-k ?lm through the seed Si ?lm of 
a thickness of 5 nm or more (5 nm in FIG. 11). 

[0015] As FIGS. 10A and 10B shoW, in the case that the 
SiGe ?lm is directly formed on the high-k ?lm, there are 
problems that the SiGe ?lm has an island-form, and the SiGe 
?lm becomes discontinuous. Furthermore, as FIGS. 10A 
and 10B shoW, there is problem that the surface roughness 
of the SiGe ?lm becomes Worse signi?cantly. 

[0016] As FIG. 11 shoW, in the case that the seed Si ?lm 
of a thickness of 5 nm or more is disposed betWeen the 
high-k ?lm and the SiGe ?lm, there is a problem that voids 
(refer to circled portions in FIG. 11) generate in the SiGe 
?lm. 

SUMMARY OF THE INVENTION 

[0017] The present invention has been conceived to solve 
the previously-mentioned problems and a general object of 
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the present invention is to provide novel and useful semi 
conductor device and is to provide novel and useful method 
for manufacturing a semiconductor device. 

[0018] Amore speci?c object of the present invention is to 
form a void-free SiGe ?lm having good surface ?atness on 
a high-k ?lm. Another speci?c object of the present inven 
tion is to form high-quality continuous ?lms including the 
SiGe ?lm and the cap Si ?lm on a high-k ?lm. 

[0019] The above object of the present invention is 
attained by a folloWing semiconductor device and a folloW 
ing method for manufacturing a semiconductor device. 

[0020] According to one aspect of the present invention, 
the semiconductor device comprises a gate dielectric ?lm 
formed on a substrate, and a gate electrode formed on the 
gate dielectric ?lm. The gate dielectric ?lm includes: an 
underlying interfacial layer formed on the substrate; and a 
high-k dielectric ?lm having higher dielectric constant than 
the underlying interfacial layer. The gate electrode formed 
includes: a seed Si ?lm formed on the high-k dielectric ?lm; 
and a SiGe ?lm formed on the seed Si ?lm. 

[0021] According to another aspect of the present inven 
tion, in the method for manufacturing a semiconductor 
device, a high-k dielectric ?lm is ?rst formed as a gate 
dielectric ?lm on a substrate. Aseed Si ?lm is formed on the 
high-k dielectric ?lm. A SiGe ?lm is formed on the seed Si 
?lm. The SiGe ?lm and the seed Si ?lm are patterned to form 
a gate electrode, and the high-k dielectric ?lm is patterned. 
Impurities diffusion regions are formed in upper layer of the 
substrate through ion implantation using the gate electrode 
as a mask. 

[0022] Other objects and further features of the present 
invention Will be apparent from the folloWing detailed 
description When read in conjunction With the accompany 
ing draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] FIG. 1 is a schematic cross-sectional vieW for 
illustrating a semiconductor device according to a ?rst 
embodiment of the present invention; 

[0024] FIGS. 2A to 2E are process sectional vieWs for 
illustrating a method for manufacturing the semiconductor 
device shoWn in FIG. 1; 

[0025] FIG. 3A is a graph for shoWing relationship 
betWeen a thickness of the seed Si ?lm and an electrical 
thickness (EOT) obtained from capacitance characteristic; 

[0026] FIG. 3B is a graph for shoWing relationship 
betWeen a thickness of the seed Si ?lm and a depletion ratio 
of the SiGe ?lm obtained from capacitance characteristic; 

[0027] FIG. 4A is a SEM photograph shoWing a form of 
the SiGe ?lm When the hafnium aluminate ?lm (HfAlO. 
?lm) having a Hf content of 23% is used as the high-k 
dielectric ?lm; 

[0028] FIG. 4B is a SEM photograph shoWing a form of 
the SiGe ?lm When the hafnium silicate ?lm (HfSiO, ?lm) 
having a Hf content of 60% is used as the high-k dielectric 
?lm; 
[0029] FIG. 4C is a SEM photograph shoWing a form of 
the SiGe ?lm When the aluminum oXide ?lm (Al2O3 ?lm) is 
used as the high-k dielectric ?lm; 
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[0030] FIG. 5 is a schematic cross-sectional vieW for 
illustrating a semiconductor device according to a second 
embodiment of the present invention; 

[0031] FIGS. 6A to 6D are process sectional vieWs for 
illustrating a method for manufacturing the semiconductor 
device shoWn in FIG. 5; 

[0032] FIG. 7 is a schematic cross-sectional vieW for 
illustrating a semiconductor device according to a third 
embodiment of the present invention; 

[0033] FIGS. 8A to 9B are process sectional vieWs for 
illustrating a method for manufacturing the semiconductor 
device shoWn in FIG. 7; 

[0034] FIGS. 10A and 10B are SEM photographs shoW 
ing a form of the SiGe ?lm When the laminated ?lms having 
the SiGe ?lm and the cap Si ?lm on the high-k ?lm; and 

[0035] FIG. 11 is a SEM photograph shoWing a form of 
the SiGe ?lm When the laminated ?lms having the SiGe ?lm 
and the cap Si ?lm on the aluminium oXide ?lm (Al2O3 ?lm) 
serving as the high-k ?lm through the seed Si ?lm of a 
thickness of 5 nm or more. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0036] In the folloWing, principles and embodiments of 
the present invention Will be described With reference to the 
accompanying draWings. The members and steps that are 
common to some of the draWings are given the same 
reference numerals and redundant descriptions therefore 
may be omitted. 

[0037] First Embodiment 

[0038] First, the structure of a semiconductor device 
according to a ?rst embodiment of the present invention Will 
be described. 

[0039] FIG. 1 is a schematic cross-sectional vieW for 
illustrating a semiconductor device according to a ?rst 
embodiment of the present invention. 

[0040] As FIG. 1 shoWs, a silicon substrate serving as the 
substrate 2 has element regions on Which semiconductor 
elements such as transistors are formed, and isolation 
regions for isolating the element regions, in Which ?eld 
insulating ?lms (also referred to as “element-isolating insu 
lating ?lms”) 4 are formed. Well regions (not shoWn) are 
formed in the element regions of the substrate 2. 

[0041] On the substrate 2 in the element regions, a gate 
dielectric ?lm 6 is formed. The gate dielectric ?lm 6 is 
laminated ?lm includes: an underlying interfacial layer 6a 
formed on the silicon substrate 2; and high-k dielectric ?lm 
6b formed on the underlying interfacial layer 6a and having 
higher dielectric constant than the underlying interfacial 
layer 6a. 

[0042] As the underlying interfacial layer 6a, for eXample, 
a SiO2 ?lm, a Si3N4 ?lm, or a SiON ?lm (hereafter collec 
tively referred to as “SiO2 ?lm or the like”) can be used. The 
thickness of the underlying interfacial layer 6a is, for 
eXample, 0.5 nm to 1 nm. The underlying interfacial layer 6a 
is acted to inhibit interfacial reaction betWeen the silicon 
substrate 2 and the high-k dielectric ?lm 6b. 
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[0043] As the high-k dielectric ?lm 6b, for example, a 
hafnium aluminate ?lm (HfAlOX ?lm) having Hf content of 
below 50%, a hafnium silicate ?lm (HfSiOX ?lm), and an 
aluminium oxide ?lm (A1203 ?lm), and there nitride ?lm can 
be used. The high-k dielectric ?lm 6b has dielectric constant 
of 6 or more. The thickness of the high-k dielectric ?lm 6b 
is, for example, 2 nm to 3 nm. 

[0044] On the gate dielectric ?lm 6 is formed a gate 
electrode composed of the laminate of a seed Si ?lm 8, a 
SiGe ?lm 10, a loWer cap Si ?lm 12a, an upper cap Si ?lm 
12b and a silicide layer 20. 

[0045] Speci?cally, on the high-k dielectric ?lm 6b is 
formed an amorphous Si ?lm serving as the seed Si ?lm 8. 
The thickness of the seed Si ?lm 8 is preferably 0.1 nm or 
more and smaller than 5 nm (described later) . On the seed 
Si ?lm 8 is formed the SiGe ?lm 10 serving a loWer 
electrode ?lm. The thickness of the SiGe ?lm 10 is prefer 
ably 50 nm or beloW. The SiGe ?lm 10 is represented by a 
composition formula of Si(1_X)GeX, and the Ge content X is 
preferably 0.15 or more and smaller than 0.4 (15% or more 
and smaller than 40%), and more preferably about 0.3 (30%) 
(described later) . The SiGe ?lm 10 is preferably groWn at 
a groWth temperature of 450° C. or above and beloW 500° 
C., and more preferably 4750 C. (described later). 

[0046] On the SiGe ?lm 10 is formed the cap Si ?lm 12. 
The cap Si ?lm 12 includes: the loWer cap Si ?lm 12a groWn 
at the same temperature as the SiGe ?lm 10 and having the 
same ?lm form as the SiGe ?lm 10; and the upper cap Si ?lm 
12b groWn at higher temperature than the loWer cap Si ?lm 
12a and having different ?lm form from the loWer cap Si 
?lm 12a. The thickness of the loWer cap Si ?lm 12a is 
preferably 0.1 nm or more and smaller than 5 nm. The 
thickness of the upper cap Si ?lm 12b is preferably It is 
preferable that the thin SiGe ?lm 10 and the loWer cap Si 
?lm 12a are continuously formed using the same apparatus 
at the same temperature. 

[0047] SideWalls 16 are formed on the sides of the gate 
dielectric ?lm 6, the seed Si ?lm 8, the SiGe ?lm 10 and the 
cap ?lm 12. 

[0048] Extension regions 14 sandWiching a channel region 
(not shoWn) underneath the gate electrode are formed in the 
upper layer of the silicon substrate 2. Source-drain regions 
18 connecting to the extension regions 14 are formed in the 
upper layer of the silicon substrate 2. 

[0049] Nickel silicide layers serving as silicide layers 20 
are formed in upper layers of the upper cap Si ?lm 12b and 
the source-drain regions 18. That is to say, MOSFET of the 
?rst embodiment has salicide structure. 

[0050] Next, a method for manufacturing the above-de 
scribed semiconductor device Will be described. 

[0051] FIGS. 2A to 2E are process sectional vieWs for 
illustrating a method for manufacturing the semiconductor 
device shoWn in FIG. 1. 

[0052] First, as FIG. 2A shoWs, ?eld insulating ?lms 4 are 
formed in the isolation regions of a silicon substrate 2 using 
STI (shalloW trench isolation) method. Then, the ions of a 
conductive impurity are implanted into the element regions 
(not shoWn) of the silicon substrate 2, and annealing is 
performed to form Well regions. 
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[0053] Next, after a predetermined pretreatment (e.g., the 
removal of natural oxide ?lms) has been performed, a SiO2 
?lm or the like (described above) With a thickness of, for 
example, 0.5 nm to 1 nm is formed as an underlying 
interfacial layer 6a on the silicon substrate 2 using a method 
such as thermal oxidation (or thermal nitriding or thermal 
oxynitriding) or plasma oxidation (or plasma nitriding or 
plasma oxynitriding). 
[0054] Next, a high-k dielectric ?lm 6b having higher 
dielectric constant than the underlying interfacial layer 6a is 
formed on the underlying interfacial layer 6a using an ALD 
(atomic layer deposition) method or an MOCVD (metal 
organic chemical vapor deposition) method. For example, 
When the HfAlOX ?lm is formed as the high-k dielectric ?lm 
6b using ALD method, the folloWing process conditions can 
be used, raW material: HfCl4 and TMA (trimethyl-alumi 
num); oxidiZer: H2O or O3; and substrate temperature: 300° 

[0055] Thus, the gate dielectric ?lm 6 laminated the under 
lying interfacial layer 6a and the high-k dielectric ?lm 6b is 
formed in the silicon substrate 2. 

[0056] After formation of the high-k dielectric ?lm 6b, 
thermal process (annealing) is preferably performed in 
atmosphere including a little oxygen. For example, When the 
HfAlOX ?lm is formed as the high-k dielectric ?lm 6b, 
thermal process With a temperature of about 1000° C. and a 
process time of a feW minutes can be performed using a 
lamp-type RTA (rapid thermal annealer) preferably. Thus, 
defects of oxygen in the high-k dielectric ?lm 6b can be 
improved, and concentration of impurity in the high-k can be 
decreased. 

[0057] Furthermore, a silicon nitride (SiN ?lm) or an 
aluminum nitride (AlN ?lm) With a thickness of 0.1 nm to 
1 nm can be formed on the high-k dielectric ?lm 6b. That is 
to say, thin SiN ?lm or thin AlN ?lm can be disposed 
betWeen high-k dielectric ?lm 6b and the seed Si ?lm 8. In 
this case, diffusion of dopant of the gate electrode to the 
high-k dielectric ?lm can be reduced. Therefore, gate current 
leakage can be reduced, and reliability of a semiconductor 
element can be improved. 

[0058] Next, as FIG. 2B shoWs, an amorphous Si ?lm 
serving as a seed Si ?lm 8 is formed on the high-k dielectric 
?lm 6b using a LPCVD (loW pressure chemical vapor 
deposition) method. In order to attain the maximum 
improvement of electrical characteristic of the SiGe ?lm 10, 
a thickness of the seed Si ?lm 8 is preferably 0.1 nm or more 
and smaller than 5 nm, and more preferably 1 nm to 3 nm. 
For the formation of the seed Si ?lm 8, for example, a 
batch-type vertical LPCVD apparatus can be used. The 
conditions for forming the seed Si ?lm 8 in a LPCVD 
apparatus are, for example, a SiH4 ?oW rate of 1 slm, a 
groWth temperature of 475 ° C., and a groWth pressure of 100 
Pa. 

[0059] The present inventors investigate electrical charac 
teristic of a transistor When a laminated ?lm composed of the 
SiGe ?lm and the cap Si ?lm is formed on the high-k 
dielectric ?lm through the seed Si ?lm. In this investigation, 
the HfAlOX ?lm having Hf content of 23% is used as the 
high-k ?lm. 

[0060] FIGS. 3A and 3B are graphs for shoWing electrical 
characteristic of a transistor When a laminated ?lm com 
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posed of the SiGe ?lm and the cap Si ?lm is formed on the 
high-k dielectric ?lm through the seed Si ?lm. Speci?cally, 
FIG. 3A is a graph for showing relationship betWeen a 
thickness of the seed Si ?lm and an electrical thickness 
(EOT) obtained from capacitance characteristic (C-V char 
acteristic). FIG. 3B is a graph for shoWing relationship 
betWeen a thickness of the seed Si ?lm and a depletion ratio 
of the SiGe ?lm obtained from capacitance characteristic 
(C-V characteristic). 
[0061] As FIG. 3A shoWs, in the case that the thickness of 
the seed Si ?lm is thin, a value of electrical thickness (EOT) 
is loW and favorable. A laminated gate electrode composed 
of the seed Si ?lm With the thickness of smaller than 5 nm 
and SiGe ?lm, the electrical thickness (EOT) can be reduced 
as compared With conventional case of polycrystalline sili 
con (Poly-Si) gate electrode. The reason for reduction of 
EOT is that solid-phase reaction at interface betWeen the 
gate electrode and the high-k dielectric ?lm is restrained by 
using the SiGe ?lm. In the case that the thickness of the seed 
Si ?lm is 5 nm and more thick, above-mentioned reduction 
of EOT cannot be attained since Ge content is loW at the 
interface and it is insuf?cient for restraining the solid-phase 
reaction. Therefore, the thickness of the seed Si ?lm is 
preferably smaller than 5 nm. 

[0062] In FIG. 3B, as indeX of depletion ratio, the differ 
ence (Tinv-EOT) betWeen reversal capacitance thickness 
(Tinv) obtained from C-V characteristic and electrical thick 
ness (EOT) is used. The smaller the difference is, the more 
depletion of the gate electrode is restrained, and the better 
electrical characteristic of the transistor becomes. As FIG. 
3B shoWs, regardless of thickness of the seed Si ?lm, 
depletion of the gate electrode can be restrained by using 
SiGe gate electrode as compared With conventional case of 
polycrystalline silicon (Poly-Si) gate electrode. Therefore, 
the thickness of the seed Si ?lm is preferably 0.1 nm or 
more. 

[0063] According to the above-mentioned result of inves 
tigation shoWn in FIGS. 3A and 3B, a thickness of the seed 
Si ?lm 8 is preferably 0.1 nm or more and smaller than 5 nm. 

[0064] Next, as FIG. 2B shoWs, a SiGe ?lm 10 is formed 
on the seed Si ?lm 8 using the LPCVD apparatus. Speci? 
cally, the seed Si ?lm 8 and the SiGe ?lm 10 are continu 
ously formed using the above-described LPCVD apparatus. 

[0065] Here, the Ge content Y in the thin SiGe ?lm 10 
represented by the composition formula, Si(1_y)Gey, is pref 
erably 0.15 or more and smaller than 0.4 (15% or more and 
smaller than 40%), and most preferably 0.3 (30%). Improv 
ing effect of electrical characteristic of PMOS is not satis 
factory When the Ge content is less than 0.15 (15%), and the 
improving effect is saturated When the Ge content is 0.3 
(30%) or more. On the other hand, electrical characteristic of 
PMOS becomes Worse When the Ge content is 0.4 (40%)and 
more. 

[0066] The groWth temperature of the thin SiGe ?lm 10 is 
preferably 4500 C. or above and less than 500° C., and most 
preferably 475° C. Surface roughness of the SiGe ?lm 
increases When the groWth temperature is 500° C. or more. 
On the other hand, When the groWth temperature is beloW 
450° C., the groWth rate of the SiGe ?lm is loWered, and 
therefore the throughput is loWered. 

[0067] The conditions for forming SiGe ?lm in the batch 
type vertical LPCVD apparatus are, for eXample, a SiH4 
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How rate of 0.6 slm, a HZ-diluted 10% GeH4 ?oW rate of 
0.58 slm, a groWth temperature of 475° C., and a groWth 
pressure of 10 Pa. The SiGe ?lm having a Ge content of 0.3 
(30%) With a thickness of about 40 nm can be formed under 
these conditions, and the SiGe ?lm have a favorable surface 
?atness and a favorable uniformity of the ?lm thickness on 
the surface. 

[0068] Next, a cap Si ?lm 12 laminated a loWer cap Si ?lm 
12a and an upper cap Si ?lm 12b is formed on the thin SiGe 
?lm 10 using the above-described LPCVD apparatus. Here, 
the SiGe ?lm 10 and the loWer cap Si ?lm 12a are continu 
ously formed at the same temperature, thereby forming the 
loWer cap Si ?lm 12a having the same form as the SiGe ?lm 
10. Thereafter, the upper cap Si ?lm 12b is formed at the 
higher temperature than the loWer cap Si ?lm 12a, thereby 
forming the upper cap Si ?lm 12b having different form 
from the loWer cap Si ?lm 12a. 

[0069] The loWer cap Si ?lm 12a With a thickness of about 
5 nm can be formed using a batch-type vertical LPCVD 
apparatus under the conditions: a SiH4 ?oW rate of 1 slm; a 
temperature of 475° C.; and a pressure of 100 Pa. Further 
more, the upper cap Si ?lm 12b With a thickness of about 110 
nm can be formed using the batch-type vertical LPCVD 
apparatus under the conditions: a SiH4 ?oW rate of 0.6 slm; 
a temperature of 620° C.; and a pressure of 20 Pa. 

[0070] Since the loWer cap Si ?lm 12a having the same 
form as the SiGe ?lm 10 is formed, a change in the form of 
the SiGe ?lm 10 can be restrained during formation of the 
upper cap Si ?lm 12b, and ?lm de?cient such as voids can 
be restrained in the SiGe ?lm 10. The reason is that the loWer 
cap Si ?lm 12a loWers the surface energy the SiGe ?lm 10 
and thermally stabiliZes the thin SiGe ?lm 10. Further, since 
the loWer cap Si ?lm 12a is formed on the SiGe ?lm 10, a 
silicide layer 20 (described later) can be formed stably. 

[0071] If the silicide layer 20 (described later) is not 
formed, the formation of the upper cap Si ?lm 12b can be 
omitted. In this case, since the SiGe ?lm 10 is formed on the 
high-k dielectric ?lm 6b through the seed Si ?lm 8, a 
high-quality SiGe ?lm can be formed above the high-k 
dielectric ?lm 6b. 

[0072] FIGS. 4A to 4C are SEM photographs shoWing a 
form of the SiGe ?lm When the laminated ?lms composed of 
the SiGe ?lm and the cap Si ?lm on the high-k ?lm through 
the seed Si ?lm. Speci?cally, FIG. 4A is a SEM photograph 
shoWing a form of the SiGe ?lm When the hafnium alumi 
nate ?lm (HfAlOX ?lm) having a Hf content of 23% is used 
as the high-k dielectric ?lm. FIG. 4B is a SEM photograph 
shoWing a form of the SiGe ?lm When the hafnium silicate 
?lm (HfSiOX ?lm) having a Hf content of 60% is used as the 
high-k dielectric ?lm. FIG. 4C is a SEM photograph shoW 
ing a form of the SiGe ?lm When the aluminum oXide ?lm 
(A1203 ?lm) is used as the high-k dielectric ?lm. Here, a 
thickness of the seed Si ?lm is 1 nm. 

[0073] As FIGS. 4A to 4C shoW, in the cases of all high-k 
dielectric ?lm, since the SiGe ?lm is formed through the 
seed Si ?lm, an island-form Which is seen When Without the 
seed Si ?lm (refer to FIGS. 10A and 10B), is not seen in the 
SiGe ?lm, and the SiGe ?lm having a good-form can be 
formed. Further, as FIGS. 4A to 4C shoW, voids (refer to 
FIG. 11) are not seen in the SiGe ?lm. The present inventor 
con?rm that the island-form and the voids are not seen in the 
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SiGe ?lm When the thickness of the seed Si ?lm is 0.1 nm 
or more and smaller than 5 nm. This shoWs a favorable 
thickness range of the seed Si ?lm to the gate dielectric ?lm 
including the high-k dielectric ?lm. 

[0074] Next, conductive impurities are introduced in the 
cap Si ?lm 12 and the SiGe ?lm 10. Thereafter, the cap Si 
?lm 12, the SiGe ?lm 10, the seed Si ?lm 8, and the gate 
dielectric ?lm 6 are sequentially patterned using lithography 
technique and etching technique Well knoWn in the art. 
Thereby, as FIG. 2C shoWs, the gate electrode of the 
MOSFET is formed. 

[0075] Conductive impurities are implanted in the silicon 
substrate 2 using a patterned gate electrode and gate dielec 
tric ?lm 6 as a mask, and thermal process is performed. 
Thereby, extension regions 14 are formed in the upper 
portion of the substrate 2. 

[0076] Next, an insulating ?lm such as Si3N4 or SiO2 is 
formed over the entire of the silicon substrate 2, and the 
insulating ?lm is etched using an anisotropic dry etching 
method. Thus, as FIG. 2D shoWs, sideWall-spacers 16 are 
formed on the sides of the gate electrode and the gate 
dielectric ?lm 6. 

[0077] Conductive impurities are implanted in the silicon 
substrate 2 using gate electrode, gate dielectric ?lm 6 and 
sideWall-spacers 16 as a mask, and thermal process is 
performed. Thereby, source-drain regions 18 connected to 
the extension regions 14 are formed in the upper portion of 
the substrate 2. 

[0078] Next, as FIG. 2E shoWs, silicide layers 20 are 
formed in upper portions of the upper cap Si ?lm 12b and 
source-drain regions 18 using self-aligned silicide formation 
technique called “salicide technique”. 

[0079] Speci?cally, after a predetermined pretreatment 
has been performed using diluted HF solution, a Ni ?lm With 
thickness of about 10 nm is formed over the entire of the 
silicon substrate 2, and a TiN ?lmWith thickness of about 10 
nm is formed on the Ni ?lm. Thereafter, a heat treatment 
With a temperature of about 500° C. and time of about 30 
seconds is performed. Thus, Ni ?lm is reacted With the upper 
cap Si ?lm 12b and the source-drain regions 18, and 
no-reacted metal is removed. Thereby, NiSi layers serving as 
silicide layers 20 are formed. 

[0080] In the ?rst embodiment, as described above, the 
SiGe ?lm 10 is formed above the high-k dielectric ?lm 6 
such as HfAlOx ?lm having Hf content of smaller than 50% 
through the seed Si ?lm 8 With a thickness of 0.1 nm or more 
and smaller than 5 nm. Therefore, a void-free SiGe ?lm 10 
having high-?atness can be formed above the high-k dielec 
tric ?lm 6b. That is to say, a continuous SiGe ?lm having no 
voids can be formed With high-?atness of the SiGe ?lm 10 
maintained. 

[0081] Also, after formation of the SiGe ?lm 10, the loWer 
cap Si ?lm 12a is formed at the same groWth temperature as 
the SiGe ?lm 10. Thus, a continuous ?lm structure com 
posed of the SiGe ?lm 10 and the loWer cap Si ?lm 10a can 
be formed. 

[0082] Auniformity of Ge content in the interface betWeen 
the gate electrode and the gate dielectric ?lm can be 
improved, and dispersion of threshold voltage of the tran 
sistor due to local dispersion of Ge content in the interface 
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can be restrained. Dispersion of semiconductor elements can 
be restrained, and high-performance transistors can be 
manufactured With the high productivity. 

[0083] Also, since the SiGe ?lm is used as the gate 
electrode, depletion of the gate electrode can be restrained, 
and it becomes possible to make the thickness of the gate 
dielectric ?lm thin. Therefore, high-performance transistor 
can be manufactured easily With loW cost. 

[0084] In addition, since the SiGe ?lm 10 is a thin ?lm 
having favorable ?lm-thickness uniformity, local defective 
processing such as the dent of the silicon substrate 2 caused 
by voids in the SiGe ?lm during dry etching for forming the 
gate electrode can be avoided. Thereby, the process margin 
in the gate processing can be enlarged, and high-perfor 
mance transistors can be stably manufactured. 

[0085] Second Embodiment 

[0086] FIG. 5 is a schematic cross-sectional vieW for 
illustrating a semiconductor device according to a second 
embodiment of the present invention. 

[0087] The semiconductor device according to the second 
embodiment shoWn in FIG. 5 differs from the above 
described semiconductor device according to the ?rst 
embodiment in that the upper cap Si ?lm 12b and the silicide 
layers 20 are not formed. Other structure is the same as the 
?rst embodiment. 

[0088] Next, a method for manufacturing the semiconduc 
tor device Will be described. 

[0089] FIGS. 6A to 6D are process sectional vieWs for 
illustrating a method for manufacturing the semiconductor 
device according to the second embodiment. 

[0090] First, in the same manner as in the manufacturing 
method according to the ?rst embodiment, elements up to 
the high-k dielectric ?lm 6b are formed. Thus, the structure 
shoWn in FIG. 6A is attained. 

[0091] As described in the ?rst embodiment, after forma 
tion of the high-k dielectric ?lm 6b, thermal process (anneal 
ing) can be performed in atmosphere including a little 
oxygen. Furthermore, a thin silicon nitride (SiN ?lm) or a 
thin aluminum nitride (AlN ?lm) With a thickness of 0.1 nm 
to 1 nm can be formed on the high-k dielectric ?lm 6b. 

[0092] Next, in the same manner as in the manufacturing 
method according to the ?rst embodiment, an amorphous Si 
?lm serving as a seed Si ?lm 8 is formed on the high-k 
dielectric ?lm 6b. As described in the ?rst embodiment, in 
order to attain the maximum improvement of electrical 
characteristic of the SiGe ?lm 10, a thickness of the seed Si 
?lm 8 is preferably 0.1 nm or more and smaller than 5 nm, 
and more preferably 1 nm to 3 nm. Then, in the same manner 
as in the manufacturing method according to the ?rst 
embodiment, a SiGe ?lm 10 is formed on the seed Si ?lm 8, 
and a loWer cap ?lm 12a having the same form as the SiGe 
?lm 10 With a thickness of about 5 nm is formed at the same 
groWth temperature as the SiGe ?lm 10. Thus, the structure 
shoWn in FIG. 6B is attained. 

[0093] Next, after conductive impurities are introduced in 
the cap Si ?lm 12a and the SiGe ?lm 10, the cap Si ?lm 12a, 
the SiGe ?lm 10, the seed Si ?lm 8, and the gate dielectric 
?lm 6 are sequentially patterned using lithography technique 
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and etching technique Well known in the art. Thereby, as 
FIG. 6C shows, the gate electrode of the MOSFET is 
formed. 

[0094] Conductive impurities are implanted in the silicon 
substrate 2 using a patterned gate electrode and gate dielec 
tric ?lm 6 as a mask, and thermal process is performed. 
Thereby, extension regions 14 are formed in the upper 
portion of the substrate 2. 

[0095] Next, an insulating ?lm such as Si3N4 or SiO2 is 
formed over the entire of the silicon substrate 2, and the 
insulating ?lm is etched using an anisotropic dry etching 
method. Thus, as FIG. 6D shoWs, sideWall-spacers 16 are 
formed on the sides of the gate electrode and the gate 
dielectric ?lm 6. 

[0096] Conductive impurities are implanted in the silicon 
substrate 2 using the gate electrode, the gate dielectric ?lm 
6 and the sideWall-spacers 16 as a mask, and thermal process 
is performed. Thereby, source-drain regions 18 connected to 
the extension regions 14 are formed in the upper portion of 
the substrate 2. 

[0097] In the second embodiment, as described above, the 
SiGe ?lm 10 is formed on the high-k dielectric ?lm 6b 
through the seed Si ?lm 8 of a thickness of 0.5 nm to 5 nm. 
Therefore, the same effects as attained in the ?rst embodi 
ment can be attained. 

[0098] Third Embodiment 

[0099] FIG. 7 is a schematic cross-sectional vieW for 
illustrating a semiconductor device according to a third 
embodiment of the present invention. Speci?cally, FIG. 7 is 
a schematic cross-sectional vieW for illustrating a CMOS 
(complementary metal oxide semiconductor) application. 

[0100] As FIG. 7 shoWs, ?eld insulating ?lms 22 are 
formed in a silicon substrate 21. NMOS (n-channel MOS) 
regions and PMOS (p-channel MOS) regions are isolated by 
the ?eld insulating ?lms 22. P-Well regions 23 are formed in 
the silicon substrate 21 of the NMOS regions, and n-Well 
regions 24 are formed in the silicon substrate 21 of the 
PMOS regions. 

[0101] On the p-Well regions 23 and n-Well regions 24, a 
gate dielectric ?lm 25 laminated an underlying interfacial 
layer 25a and a high-k dielectric ?lm 25b is formed in the 
same Way as the ?rst embodiment. 

[0102] On the gate dielectric ?lm 25 is formed a gate 
electrode composed of the laminate of a seed Si ?lm 26, a 
SiGe ?lm 27, a loWer cap Si ?lm 28a, an upper cap Si ?lm 
28b and a silicide layer 34. 

[0103] SideWalls 31 are formed on the sides of the gate 
dielectric ?lm 25, the seed Si ?lm 26, the SiGe ?lm 27 and 
the cap ?lm 28. 

[0104] In NMOS regions, n-type extension regions 29 
sandWiching a channel region (not shoWn) underneath the 
gate electrode are formed in the upper layer of the silicon 
substrate 21, and n-type source-drain regions 32 connecting 
to the n-type extension regions 29 are formed in the upper 
layer of the silicon substrate 21. 

[0105] In PMOS regions, p-type extension regions 30 
sandWiching a channel region (not shoWn) underneath the 
gate electrode are formed in the upper layer of the silicon 
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substrate 21, and p-type source-drain regions 33 connecting 
to the p-type extension regions 30 are formed in the upper 
layer of the silicon substrate 21. 

[0106] Nickel silicide layers serving as silicide layers 34 
are formed in upper layers of the upper cap Si ?lm 28b and 
the source-drain regions 32,33. That is to say, CMOSFET of 
the third embodiment has salicide structures. 

[0107] Next, a method for manufacturing the semiconduc 
tor device Will be described. 

[0108] FIGS. 8A to 9B are process sectional vieWs for 
illustrating a method for manufacturing the semiconductor 
device shoWn in FIG. 7. 

[0109] First, as FIG. 8A shoWs, ?eld insulating ?lms 22 
are formed using STI (shalloW trench isolation) technique in 
isolation regions. P-type conductive impurities are 
implanted in active regions of NMOS regions, and thermal 
process is performed, thereby forming p-type Well regions. 
N-type conductive impurities are implanted in active regions 
of PMOS regions, and thermal process is performed, thereby 
forming n-type Well regions. 

[0110] Next, after a predetermined pretreatment (e.g., the 
removal of natural oxide ?lms) has been performed, a SiO2 
?lm or the like (described above) With a thickness of, for 
example, 0.5 nm to 1 nm is formed as an underlying 
interfacial layer 25a on the silicon substrate 21 using a 
method such as thermal oxidation (or thermal nitriding or 
thermal oxynitriding) or plasma oxidation (or plasma nitrid 
ing or plasma oxynitriding). 

[0111] Next, a high-k dielectric ?lm 25b having higher 
dielectric constant than the underlying interfacial layer 25a 
is formed on the underlying interfacial layer 25a using an 
ALD (atomic layer deposition) method or an MOCVD 
(metal organic chemical vapor deposition) method. For 
example, When the HfAlOX ?lm is formed as the high-k 
dielectric ?lm 25b using ALD method, the folloWing process 
conditions can be used, raW material: HfCl4 and TMA 
(trimethyl-aluminum); oxidiZer: H2O or O3; and substrate 
temperature: 300° C. 

[0112] Thus, the gate dielectric ?lm 25 laminated the 
underlying interfacial layer 25a and the high-k dielectric 
?lm 25b is formed in the silicon substrate 21. 

[0113] As described in the ?rst embodiment, after forma 
tion of the high-k dielectric ?lm 25b, thermal process 
(annealing) can be performed in atmosphere including a 
little oxygen. Furthermore, a thin silicon nitride (SiN ?lm) 
or a thin aluminum nitride (AlN ?lm) With a thickness of 0.1 
nm to 1 nm can be formed on the high-k dielectric ?lm 25b. 

[0114] Next, in the same manner as in the manufacturing 
method according to the ?rst embodiment, an amorphous Si 
?lm serving as a seed Si ?lm 26 is formed on the high-k 
dielectric ?lm 25b. As described in the ?rst embodiment, in 
order to attain the maximum improvement of electrical 
characteristic of the SiGe ?lm 27, a thickness of the seed Si 
?lm 26 is preferably 0.1 nm or more and smaller than 5 nm, 
and more preferably 1 nm to 3 nm. Then, in the same manner 
as in the manufacturing method according to the ?rst 
embodiment, a SiGe ?lm 27 is formed on the seed Si ?lm 26, 
and the cap ?lm 28a having the same form as the SiGe ?lm 
27 With a thickness of about 5 nm is formed at the same 
groWth temperature as the SiGe ?lm 27. Thereafter, the 
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upper cap Si ?lm 28b is formed at the higher temperature 
than the loWer cap Si ?lm 28a. Thus, the structure shown in 
FIG. 8B is attained. 

[0115] Next, conductive impurities are introduced in the 
cap Si ?lm 28 and the SiGe ?lm 27. Then, the cap Si ?lm 
28, the SiGe ?lm 27, the seed Si ?lm 26, and the gate 
dielectric ?lm 25 are sequentially patterned using lithogra 
phy technique and etching technique Well knoWn in the art. 
Thereby, as FIG. 8C shoWs, the gate electrode of the 
CMOSFET is formed. Next, n-type conductive impurities 
such asAs ions are implanted in the loW concentration in the 
silicon substrate 21 of the NMOS regions using a patterned 
gate electrode as a mask, and thermal process is performed, 
and thereby forming n-type extension regions 29 in the 
upper portion of the substrate 21. P-type conductive impu 
rities such as Boron ions are implanted in the loW concen 
tration in the silicon substrate 21 of the PMOS regions using 
a patterned gate electrode as a mask, and thermal process is 
performed, and thereby forming p-type extension regions 30 
in the upper portion of the substrate 21. 

[0116] Next, an insulating ?lm such as Si3N4 or SiO2 is 
formed over the entire of the silicon substrate, and the 
insulating ?lm is etched using an anisotropic dry etching 
method. Thus, as FIG. 9A shoWs, sideWall-spacers 31 are 
formed on the sides of the gate electrode and the gate 
dielectric ?lm 25. 

[0117] N-type conductive impurities such as As ions are 
implanted in the high concentration in the silicon substrate 
21 of the NMOS regions using gate electrode and the 
sideWall-spacers 31 as a mask, and thermal process is 
performed. Thereby, n-type source-drain regions 32 con 
nected to the n-type extension regions 29 are formed in the 
upper portion of the substrate 21. 

[0118] P-type conductive impurities such as Boron ions 
are implanted in the high concentration in the silicon sub 
strate 21 of the PMOS regions using gate electrode and the 
sideWall-spacers 31 as a mask, and thermal process is 
performed. Thereby, p-type source-drain regions 33 con 
nected to the p-type extension regions 30 are formed in the 
upper portion of the substrate 21. 

[0119] Next, as FIG. 9B shoWs, silicide layers 34 are 
formed in upper portions of the upper cap Si ?lm 28b and the 
source-drain regions 32,33 using self-aligned silicide for 
mation technique called “salicide technique”. 

[0120] Speci?cally, after a predetermined pretreatment 
has been performed using diluted HF solution, a Ni ?lm With 
thickness of about 10 nm is formed over the entire of the 
silicon substrate 21, and a TiN ?lm With thickness of about 
10 nm is formed on the Ni ?lm. Thereafter, a heat treatment 
With a temperature of about 500° C. and time of about 30 
seconds is performed. Thus, Ni ?lm is reacted With the upper 
cap Si ?lm 28b and the source-drain regions 32,33, and 
no-reacted metal is removed. Thereby, NiSi layers serving as 
the silicide layers 34 are formed. 

[0121] In the third embodiment, as described above, the 
SiGe ?lm 10 is formed through the seed Si ?lm 8 of a 
thickness of 0.5 nm to 5 nm on the high-k dielectric ?lm 6b 
formed in the NMOS regions and the PMOS regions. 
Therefore, the same effects as attained in the ?rst embodi 
ment can be attained. 
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[0122] In the same Way as the second embodiment, the 
formation of the upper cap Si ?lm 28b and the NiSi layers 
34 can be omitted. 

[0123] This invention, When practiced illustratively in the 
manner described above, provides the folloWing major 
effects: 

[0124] According to the present invention, a void-free 
SiGe ?lm having good surface ?atness can be formed on a 
high-k dielectric ?lm. Further, high-quality continuous ?lms 
including the SiGe ?lm and the cap Si ?lm can be formed on 
the high-k dielectric ?lm. 

[0125] Further, the present invention is not limited to these 
embodiments, but variations and modi?cations may be made 
Without departing from the scope of the present invention. 

[0126] The entire disclosure of Japanese Patent Applica 
tion No. 2003-307148 ?led on Aug. 29, 2003 containing 
speci?cation, claims, draWings and summary are incorpo 
rated herein by reference in its entirety. 

1. A semiconductor device comprising: 

a gate dielectric ?lm on a substrate, including: 

an underlying interfacial layer on the substrate; and 

a high-k dielectric ?lm having a higher dielectric 
constant than the underlying interfacial layer; and 

a gate electrode on the gate dielectric ?lm, including: 

a seed Si ?lm on the high-k dielectric ?lm; and 

a SiGe ?lm on the seed Si ?lm. 
2. The semiconductor device according to claim 1, 

Wherein the gate electrode further includes a loWer cap Si 
?lm on the SiGe ?lm and having the same form as the SiGe 
?lm. 

3. The semiconductor device according to claim 1, 
Wherein the gate electrode further includes: 

a loWer cap Si ?lm on the SiGe ?lm and having the same 
form as the SiGe ?lm; 

an upper cap Si ?lm on the loWer cap Si ?lm; and 

a silicide layer in an upper portion of the upper cap Si 

4. The semiconductor device according to claim 1, 
Wherein the high-k dielectric ?lm is one of a HfAlOx ?lm 
having a Hf content beloW 50% and a nitride the HfAlOx 
?lm. 

5. The semiconductor device according to claim 1, 
Wherein the high-k dielectric ?lm is selected from the group 
consisting of a HfSiOx ?lm, an A1203 ?lm, and a nitride of 
the HfSiOx ?lm or the A1203 ?lm. 

6. The semiconductor device according to claim 1, 
Wherein the seed Si ?lm has a thickness of at least 0.1 nm 
and smaller than 5 nm. 

7. The semiconductor device according to claim 6, 
Wherein the seed Si ?lm reduces electrical thickness of the 
high-k dielectric ?lm. 

8. The semiconductor device according to claim 1, 
Wherein the SiGe ?lm has a composition formula of Si(} 
X)GeX and x is at least 0.15 and smaller than 0.4. 

9. The semiconductor device according to claim 1, 
Wherein the SiGe ?lm has a thickness not exceeding 50 nm. 
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10. A semiconductor device comprising: 

a gate dielectric ?lm on a substrate; 

a gate electrode on the gate dielectric ?lm and including 
a SiGe ?lm; 

sideWalls covering sides of the gate electrode; 

extension regions in an upper region of the substrate and 
located opposite the sideWalls; and 

source-drain regions in the upper region of the substrate 
and connected to the extension regions, Wherein 

the gate dielectric ?lm includes: 

an underlying interfacial layer on the substrate; and 

a high-k dielectric ?lm having a higher dielectric 
constant than the underlying interfacial layer, and 

the gate electrode includes: 

a seed Si ?lm on the high-k dielectric ?lm and having 
a thickness of at least 0.1 nm and smaller than 5 

nm; 

a SiGe ?lm on the seed Si ?lm; 

a loWer cap Si ?lm having a thickness of at least 0.5 
nm and no more than 5 nm; 

an upper cap Si ?lm on the loWer cap Si ?lm; and 

a silicide layer in an upper portion of the upper cap 
Si ?lm. 

11. The semiconductor device according to claim 10, 
Wherein the seed Si ?lm reduces electrical thickness of the 
high-k dielectric ?lm. 

12. A semiconductor device including n-type circuit 
regions and p-type circuit regions, the semiconductor device 
comprising: 

p-type Well regions in an upper or region of a substrate in 
the n-type circuit regions; 

n-type Well regions in an upper region of a substrate in the 
p-type circuit regions; 

a gate dielectric ?lm on the p-type Well regions and the 
n-type Well regions; 

a gate electrode on the gate dielectric ?lm and including 
a SiGe ?lm; 

sideWalls covering sides of the gate electrode; 

n-type extension regions in an upper region of the p-type 
Well regions and located opposite the sideWalls; 

p-type extension regions in an upper region of the n-type 
Well regions and located opposite the sideWalls; 

n-type source-drain regions in the upper regions of the 
p-type Well regions and connected to the n-type exten 
sion regions; and 

p-type source-drain regions in the upper region of the 
n-type Well regions and connected to the p-type exten 
sion regions, Wherein 

the gate dielectric ?lm includes: 

an underlying interfacial layer on the substrate; and 
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a high-k dielectric ?lm having higher dielectric constant 
than the underlying interfacial layer, and 

the gate electrode includes: 

a seed Si ?lm on the high-k dielectric ?lm and having 
a thickness of at least 0.1 nm and smaller than 5 

nm; 

a SiGe ?lm on the seed Si ?lm; 

a loWer cap Si ?lm having a thickness of at least 0.5 
nm and no larger than 5 nm; 

an upper cap Si ?lm on the loWer cap Si ?lm; and 

a silicide layer in an upper portion of the upper cap 
Si ?lm. 

13. The semiconductor device according to claim 6, 
Wherein the seed Si ?lm reduces electrical thickness of the 
high-k dielectric ?lm. 

14. A method for manufacturing a semiconductor device, 
comprising: 

forming a high-k dielectric ?lm as a gate dielectric ?lm on 
a substrate; 

forming a seed Si ?lm on the high-k dielectric ?lm; 

forming a SiGe ?lm on the seed Si ?lm; and 

patterning the SiGe ?lm and the seed Si ?lm to form a gate 
electrode, and patterning the high-k dielectric ?lm; and 

forming doped regions in an upper region of the substrate 
by ion implantation, using the gate electrode as a mask. 

15. The method for manufacturing a semiconductor 
device according to claim 14, further comprising: 

forming a loWer cap Si ?lm continuously With the SiGe 
?lm at the same temperature as forming of the SiGe 
?lm, on the SiGe ?lm, after formation of the SiGe ?lm; 

forming an upper cap Si ?lm on the loWer cap Si ?lm at 
a temperature higher than the temperature of forming 
the SiGe ?lm, Wherein the upper cap Si ?lm, the loWer 
cap Si ?lm, the SiGe ?lm, and the seed Si ?lm are 
patterned to form the gate electrode, and 

forming silicide layers as upper layers of the upper cap Si 
?lm and the doped regions, after formation of the doped 
regions. 

16. The method for manufacturing a semiconductor 
device according to claim 15, including forming the upper 
cap Si ?lm at a temperature of at least 530° C. and no higher 
than 650° C. 

17. The method for manufacturing a semiconductor 
device according to claim 14, including forming the SiGe 
?lm at a temperature of at least 4500 C. and less than 500° 
C. 

18. The method for manufacturing a semiconductor 
device according to claim 14, including forming the seed Si 
?lm to a thickness of at least 0.1 nm and smaller than 5 nm. 

19. A method for manufacturing a semiconductor device, 
comprising: 

forming a laminated gate dielectric ?lm including an 
underlying interfacial layer and a high-k dielectric ?lm, 
having a higher dielectric constant than the underlying 
interfacial layer, on a substrate; 

forming a seed Si ?lm With a thickness of at least 0.1 nm 
and smaller than 5 nm on the high-k dielectric ?lm; 
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forming a SiGe ?lm at a temperature of at least 450° C. 
and less than 500° C. on the seed Si ?lm 

forming a loWer cap Si ?lm at the same temperature as 
forming of the SiGe ?lm, With a thickness of 0.5 at least 
nm and no more than 5 nm, on the SiGe ?lm; 

forming an upper cap Si ?lm on the loWer cap Si ?lm at 
a temperature higher than the temperature of forming 
the loWer SiGe ?lm; 

patterning the upper cap Si ?lm, the loWer cap Si ?lm, the 
SiGe ?lm, and the seed Si ?lm to form a gate electrode, 
and patterning the high-k dielectric ?lm and the under 
lying interfacial layer; 

forming extension regions in an upper region of the 
substrate by ion implantation, using the gate electrode 
as a mask and performing a thermal process; 

forming sideWalls covering sides of the gate electrode; 

forming source-drain regions in an upper region of the 
substrate by ion implantation, using the sideWalls and 
gate electrode as a mask, and performing a thermal 
process; and 

forming silicide layers in upper portions of the upper cap 
Si ?lm and the source-drain regions by saliciding. 

20. A method for manufacturing a semiconductor device 
including n-type circuit regions and p-type circuit regions, 
the method comprising: 

forming p-type Well regions in an upper region of a 
substrate of the n-type circuit regions, and forming 
n-type Well regions in an upper region of the substrate 
of the p-type circuit regions; 

forming a laminated gate dielectric ?lm, including an 
underlying interfacial layer and a high-k dielectric ?lm, 
having a higher dielectric constant than the underlying 
interfacial layer, on the p-type Well regions and the 
n-type Well regions; 
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forming a seed Si ?lm With a thickness of at least 0.1 nm 
and smaller than 5 nm on the high-k dielectric ?lm; 

forming a SiGe ?lm at a temperature of at least 450° C. 
and less than 500° C. on the seed Si ?lm 

forming a loWer cap Si ?lm at the same temperature as 
forming of the SiGe ?lm, With a thickness of at least 0.5 
nm and no more than 5 nm, on the SiGe ?lm; 

forming an upper cap Si ?lm on the loWer cap Si ?lm at 
a temperature higher than the temperature of forming 
the loWer SiGe ?lm; 

patterning the upper cap Si ?lm, the loWer cap Si ?lm, the 
SiGe ?lm, and the seed Si ?lm to form a gate electrode, 
and patterning the high-k dielectric ?lm and the under 
lying interfacial layer; 

forming n-type extension regions in an upper region of the 
p-type Well regions by ion implantation of n-type 
impurities using the gate electrode as a mask and 
performing a thermal process; 

forming p-type extension regions in upper layer of the 
p-type Well regions by ion implantation of p-type 
impurities using the gate electrode as a mask and 
performing a thermal process; 

forming sideWalls covering sides of the gate electrode; 

forming n-type source-drain regions in an upper region of 
the p-type Well regions through ion implantation of 
n-type impurities using the sideWalls and gate electrode 
as a mask and performing a thermal process; 

forming p-type source-drain regions in an upper region of 
the p-type Well regions by ion implantation of p-type 
impurities using the sideWalls and gate electrode as a 
mask and performing a thermal process; and 

forming silicide layers in upper portions of the upper cap 
Si ?lm and the source-drain regions by saliciding. 

* * * * * 


